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Determination of Atrazine, Bromacil, Dim-on, Hexazinone, Norflurazon, Prometon,
Simazine, Desethyl Atrazine (DEA), Desisopropyl Atrazine (ACET) and Diamino
Chlorotriazine (DACT) in Well Water By Liquid Chromatography-Atmospheric
Pressure Chemical Ionization Mass Spectrometry

Scope:

This method is applicable to the analysis of Atrazine, Bromacil, Diuron, Hexazinone,

Norflurazon, Prometon, Simazine, Desethyl Atrazine (DEA), Desisopropyl Atrazine

(ACET) and Diamino Chlorotriazine (DACT) in well water using LCMSNS.  The

MDLs for the analytes were as follows: 0.057 pg/L for DACT, 0.032 pg/L for ACET,

0.035 pg/L for DEA, 0.022 pg!L for Bromacil, 0.035 pg/L for Simazine, 0.082 pg/L for

Hexazinone, 0.031 pg/L for Atrazine, 0.022 pg/L for Diuron, 0.021 pg/L for

Nofflurazon, and 0.022 pg/L for Prometon. The reporting limit for all chemicals was 0.05

pg/L by APCI/LC/MS/MS,  except DACT (0.1 ug/L)  and Hexazinone (0.1 pg/L).

Equipment and Reagents:

Equipment:

Glassware and Miscellaneous Equipment

Balance

Erlenmeyer flask, 500 mL

Filter, Nylon Acrodisc, 0.2 micron, Gelman  Sciences

Filter Flask, 1 L

Graduated Cylinder, various sizes

Nitrogen evaporator (Meyers Organomation Assoc.)

Solid phase extraction cartridges: Waters Oasis MCX 6cc, 60 micron particle size
(Waters, Division of Millipore Corporation)

Syringes, microliter, various sizes

Test tube, 15 mL graduated

Turbovap LV (Zymark, Hopkinton, MA)

Volumetric flask, various sizes

Volumetric pipette, various sizes

Vortex mixer
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Reagents and Standards:

Solvents/Reagents

All solvents were HPLC grade unless noted:

Acetonitrile

Ammonium formate

Ammonium hydroxide

Formic Acid

Hydrochloric Acid

Methanol

Distilled Water

Standard Reference Substances

The reference standards were supplied or purchase as shown below:

Standard Source Lot Number

Diamino Syngenta S87-1195
Chlorotriazine
(DACT)

Desisopropyl ChemService 252-49B
Atrazine Crescent Chemical 7 1030

Desethyl Atrazine ChemService 249-21c
(DE4 Cres&nt  Chemical 703 11

Bromacil ChemService 244-84A

Atrazine ChemService 254- 140B
Crescent Chemical 70326

Norflurazon

Simazine

Hexazinone

Diuron

Prometon

ChemService 237-34A

ChemService 249-29A

ChemService 245-  14B
Crescent Chemical 70109

ChemService 249-137A
Crescent Chemical 90129

ChemService 245-150B

Propazine ChemService 254-l 17B

.
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The reference standards were concluded to be stable throughout the conduct of the study

based on the comparison of chromatograms of the first and last analysis.

Analytical Procedures

Preparation of Sample:

All samples were received cool at PTRL West, Inc. and remained refrigerated until used

for analysis.

Preparation of Standards:

Stock solutions of each reference standard were prepared in acetonitrile or methanol, as

described under the “Method of Calculations” section. A 1 mg/mL  stock solution was

prepared in acetonitrile for the following analytes: ACET, DEA, atrazine, bromacil,

diuron, hexazinone, prometon, norflurazon, and propazine. Due to the solubility

properties of DACT and simazine, the stock solutions for these two analytes were

prepared at 0.1 mg/mL  in methanol. A 40 pg/mL  propazine solution was prepared by

dilution with methanol:water (75:25,  v:v),  which was further diluted to 1 ng/pL  for the

sample surrogate spike. Working solutions were made by diluting the stock standards to

prepare fortification standards and calibration standard solutions, as described below.

Microliter syringes, volumetric pipettes and volumetric flasks were used throughout.

Fortification Procedure:
.

Fortification of untreated well water was conducted to determine the percent recovery

within each sample set for atrazine, bromacil, diuron, hexazinone, norflurazon, prometon,

simazine, desethyl atrazine (DEA),  desisopropyl atrazine (ACET) and diamino

chlorotriazine @ACT). Fortification of control water was conducted in duplicate within

sample sets. A mixed 5 pg/niL fortification stock was prepared by aliquoting 250 pL for

each 1 mg/mL  stock and 2.5 mL for the 0.1 mg/rnL  stocks into a 50 mL volumetric flask

and diluting to the mark with methanol. A mixed 0.5 pg/mL  fortification stock was

prepared by aliquoting 50 pL for each 1 mg/rnL  stock and 0.5 mL for the 0.1 mg/mL

stocks into a 100 mL volumetric flask and diluting to the mark with methanol.

The following fortifications were conducted:
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Method Validation:

Fortification Level @g/L) Triazines

10.0 1.0 mL of 5.0 ug/rnL

5.0 0.5 mL of 5.0 ug/mL

2.0 400 PL of 5.0 ug/mL

1.0 200 PL of 5.0 ug/mL

0.2 200 FL of 0.5 ug/mL

0.1 100 jJL of 0.5 ug/rnL

Sample Set Analysis:

Fortification Level @g/L)

0.25

Triazines

250 PL of 0.5 ug/mL

Preparation of Mixed Linearity Standards:

All mixed triazine dilutions made with methanol:water (75:25,  v:v).

Concentration
a-@~)

1.0

0 . 7

0.4

0.2

0 . 1

0.04

Preparation:

5 mL of 5.0 j.q$nL,  mixed triazine stock plus 115 & of 40 pg/mL  propazine

3.5 m&,  of 5.0 pghnL  mixed triazine stock plus 115 & of 40 cLg/rnL  propazine

2 mL of 5.0 &nL  mixed triazine stock plus 115 @ of 40 clg/mL propazine

10 mL of 0.5 pg/rnL  mixed triazine stock plus 115 & of 40 clg/mL propazine

5 mL of 0.5 pg/rnL  mixed triazine stock plus 115 & of 40 cLg/mL  propazine

2 mL, of 0.5 ~ghnL  mixed triazine stock plus 115 j.L of 40 pghnL  propazine

All dilutions were prepared in volumetric flasks using Hamilton syringes and volumetric

pipettes.

A set of calibration curves were generated with each sample set to determine linearity and

to quantitate each triazine, see “Methods of Calculation” for example.
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Extraction Method for Triazine in Well Water:

1. Allow sample to adjust to room temperature. Measure sample weight of -500g or
measure sample volume of 500 mL.

2. Fortify samples as needed. Add to each water sample O.lpg of the internal standard
propazine as a surrogate (1OOuL of lng/pL spiking solution in MeOH).

3. Adjust pH to -3 with 6N HCl.

4. Connect two MCX 6cc cartridges in tandem onto a one-liter vacuum filter flask.
Condition cartridges at lOwminute with 15mL of methanol followed by 15mL of
purified water by applying vacuum. Do not let the cartridges run dry.

5. Add sample to conditioned cartridge and allow to pass through cartridges at lo-
15mUminute.

6. Dry cartridges under vacuum for two minutes.

7. Turn off vacuum and reverse the order of the cartridge positions.

8. Elute compounds off cartridge into the previously calibrated 15mL conical shape test
tube with 5mL of 5% ammonium hydroxide in methanol at a flow rate of
Sn-Uminute.

9. Concentrate the eluant to -0.2mL in a 40°C waterbath using Turbovap LV.

10. Add 5OOpL of methanol:water (25:75,  v:v).  Vortex for 30sec. Measure the final
volume using a 5OOpL syringe.

11. If patricles are observed in the final extract, filter extract through a microfilterfuge
tube.

12. Transfer the final extract into an autosampler vial with insert.
r.

Analysis Method

LCQ” LC/MS  System Components:

LC Pump: Spectra System P4000,  Therm0  Separations

MS Detector: Finnigan LCQ APCI Ionization Mass Spectrometer

Autosampler: Spectra SYSTEM AS3000 autosampler, Therm0  Separations

A Finnigan MAT (San Jose, CA) LCQ Atmospheric Pressure Ionization Mass

Spectrometer equipped with a Atmospheric Pressure Chemical Ionization (APCI) probe

was used to obtain mass spectra in the positive ion mode.
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LC Column: Phenomenex Sepherex 5 C18: 150mm x 3.2mm,  5pm with 2 pm stainless

steel frit pre-filter

Injection volume: 40 FL

Mobile Phase Program:

Solvents: C = 95:5  1OmM ammonium formate:methanol, + 0.1% formic acid

D = 90: 10 methanol:O. 1 M ammonium formate,  + 0.1% formic acid

Step Time (min) Flow Rate

0

3.0

4.0

20.0

21.5

25.0

30.0

30.5

35.0

%C %D

0.75 timin 85

0.75 mUmin 85

0.75 mUmin 50

0.75 mffmin 50

0.75 mTJmin 25

0.75 mUmin 5

0.75 timin 5

0.75 mUmin 85

0.75 mIJmin 85

15

15

50

50

75

95

95

15

15

The APCI source settings for LCNS Method were conducted as follows:

Separation of the analyte was achieved by high performance liquid chromatography. The

analytes were identified by the coincidence of their retention times with the reference

standards, and quantitated by integration of the peak area for the relevant ion(s).

MS Detector Settings:

MS Run time: 29.0 minutes
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Divert valve: 0.00 minutes to waste, 1.50 minutes to source, 28.5 minutes to waste.

Method: lOOOWvmsms7b

Segment 1 Information:

Duration time (min.): 4.00
Number of scan events: 1
Tune Method: lOOOW-OOlb
Scan event details: Pos [147.0] j [lOO.O-160.01
MS/MS: Amp.: 55.0% Q: 0.400 Time: 30.000 IsoW: 5.0

Segment 2 Information:

Duration time (min.): 4.23
Number of scan events: 1
Tune Method: lOOOW-001
Scan event details: Pos [175.0] * [125.9-190.01
MS/MS: Amp.: 43.0% Q: 0.300 Time: 30.000 IsoW: 5.0

Segment 3 Information:

Duration time (min.): 4.25
Number of scan events: 1
Tune Method: lOOOW-001
Scan event details: Pos [262.0] a [185.0-275.01
MS/MS: Amp.: 30.0% Q: 0.300 Time: 30.000 IsoW: 5.0

Segment 4 Information:

Duration time (min.): 4.75
Number of scan events: 1
Tune Method: lOOOW-001
Scan event deta$s: Pos [217.0] j [ 160.0-230.01
MS/MS: Amp.: 40.0% Q: 0.300 Time: 30.000 IsoW: 5.0

Segment 5 Information:

Duration time (min.): 3.89
Number of scan events: 1
Tune Method: lOOOW-001
Scan event details: Pos [235.0] a [60.0-315.01
MS/MS: Amp.: 35.0% Q: 0.250 Time: 30.000 IsoW: 5.0

Segment 6 Information:

Duration time (min.): 3.16
Number of scan events: 1
Tune Method: lOOOW-001
Scan event details: Pos [231.0] a [ 170.0-250.01
MS/MS: Amp.: 40.0% Q: 0.300 Time: 30.000 IsoW: 4.0
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Segment 7 Information:

Duration time (min.): 4.72
Number of scan events: 1
Tune Method: lOOOW-001
Scan event details: Pos [226.0] * [ 170.0-235.01
MS/MS: Amp.: 40.0% Q: 0.300 Time: 30.000 IsoW: 4.0

Method: lOOOWvmsms6e

Segment 1 Information:

Duration time (min.): 5.00
Number of scan events: 1
Tune Method: IOOOW-OOlb
Scan event details: Pos [ 147.01 * [ lOO.O-160.01
MS/MS: Amp.: 55.0% Q: 0.400 Time: 30.000 IsoW: 5.0

Segment 2 Information:

Duration time (min.): 4.07
Number of scan events: 1
Tune Method: lOOOW-001
Scan event details: Pos [189.0] * [130.0-200.01
MS/MS: Amp.: 38.0% Q: 0.300 Time: 30.000 IsoW: 4.0

Segment 3 Information:

Duration time (min.): 3.26
Number of scan events: 1
Tune Method: lOOOW-001
Scan event details: Pos [203.0] a [65.0-220.01
&YMS: Amp.: 40.0% Q: 0.300 Time: 30.000 IsoW: 4.0

Segment 4 Information~

Duration time (min.): 5.54
Number of scan events: 1
Tune Method: lOOOW-001
Scan event details: Pos [253.0] + [160.0-270.01
MS/MS: Amp.: 30.0% Q: 0.300 Time: 30.000 IsoW: 4.0

Segment 5 Information:

Duration time (min.): 6.09
Number of scan events: 1
Tune Method: lOOOW-001
Scan event details: Pos [305.0] + [lOO.O-315.01
MS/MS: Amp.: 40.0% Q: 0.300 Time: 30.000 IsoW: 5.0
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Segment 6 Information:

Duration time (min.): 5.04
Number of scan events: 1
Tune Method: IOOOW-001
Scan event details: Pos [22&O] 3 [ 170.0-235.01
MS/MS: Amp.: 40.0% Q: 0.300 Time: 30.000 IsoW: 4.0

A typical injection sequence for triazine water samples as analyzed by LC/MS/MS  was:

0.04 pg/mL  mixed standard, 0.04 pg/mL  mixed standard, solvent blank, solvent blank,

control water sample, control water sample, 0.1 pg/mL  mixed standard, 0.1 pg/mL  mixed

standard, fortified sample 1, fortified sample 1, fortified sample 2, fortified sample 2, 0.2

pg/mL  mixed standard, 0.2 l@nL mixed standard, treated water sample 1, treated water

sample 1, treated water sample 2, treated water sample 2, 0.4 pg/mL  mixed standard, 0.4

ug/mL mixed standard, treated water sample 3, etc.

Statistical Methods

The residue data included the following statistical calculations: means, averages, standard

deviations, relative standard deviations and linear regression analysis.

Method Detection Limit

The limit of quantitation was determined according to SOP Number QAQCOO1.OO,

wherein the 0.2 ug/mL mixed standard was injected seven times. The MDLs  for the

analytes were as folloqs: 0.057 pg/L for DACT, 0.032 pg/L for ACET, 0.035 pg/L for

DEA, 0.022 pg/L  for Bromacil, 0.035 &L for Simazine, 0.082 @L for Hexazinone,

0.031 pg/L for Atrazine, 0.022 pg/L for Diuron, 0.021 pg/L  for Nofflurazon, and 0.022

pg/L for Prometon.

Unequivocal Identification

The analysis for each triazine pesticide was conducted by LC/MS/MS.  This method of

analysis involves the detection of a mass spectral ion specific for a triazine pesticide

followed by fragmentation to form a daughter ion(s) uniquely related to the structure of

the pesticide. Therefore, the retention time, analyte molecular ion mass and one or two

specific daughter ion masses were used as a means of identifying and quantitating the

analyte unequivocally. The LC/MS/MS  ions for each analyte are presented in the

following table.
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Diuron 232 ( M + H ) + 72 1 9 . 4

Norflurazon 3 0 3 (M+H)+ 284 21.5

Propazine 229 (M+H)+ 188,190 23.0

Prometon 226 ( M + H ) + 1 8 4 25.5

Methods of Calculation

Preparation of Stock Standards:

Volume of solvent (mL) = ‘yFk:F’

where W = Milligrams of neat standard

P = Chemical purity of neat standard

FC = Final Concentration (mg/mL)

Residue in Water:

Linear regression formula for each analyte,

calibration curve y = mx + b

where y = peak area

x = ng/mL  analyte injected

m = Slope

b = Calibration intercept

The residue in water was calculated as follows:

1 0
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Analyte @g/L) =
&mL (from standard curve) x final volume (mL) x 1ooog

Sample weight (g) L

Residues in fortified water were corrected for background by subtracting residue in

control water.

Method Performance:

Quality Control:

1. Sample Storage: All field samples were refrigerated at 4 “C until extracted.

2. Sample extraction: All extracts were kept refrigerated at 4 “C until analyzed.

3. For each set of samples, at least one matrix blank and two matrix spikes were
included.

Recovery data:

The analytical method was validated by conducting 7 sets of samples using the

provided background well water. Each set contained 5 different levels of spike and a

matrix blank. Each set was processed through the entire analytical method on a

different day. Each sample was injected twice on a Phenomenex Cl8 column. The

results are presented in Appendix A.

Method Detection Limit (MDL):

Method Detection Limit (MDL)  refers to the lowest concentration of analytes that a

method can detect reliably, To determine the MDL, 7 replicate background samples

were spiked at 0.20 pg/mL.  The standard deviation from the spiked samples was used

to calculate the MDL using the following equation:

MDL=tS

Where t is the Student t value for the 99% confidence level with n-l degrees of

freedom and S denotes the standard deviation obtained from n replicate analyses. For

the n=7 replicates used to determine the MDL, t = 3.143. See Appendix B for the

recovery data from the determination of the Method Detection Limits.
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The Reporting Limit (RL) refers to the level at which quantitative results may be

obtained. By convention, the RL is chosen in a range l-5 times the MDL. The

Reporting Limit for this method was 0.05 pg/L for all analytes, except DACT and

Hexazinone (0.1 pg/L).

Discussion:

The method provided to us was slightly modified by PTRL West. Sample sets were

conducted through the elution with methanol into a test tube (Step 5). The samples

were not concentrated until immediately prior to analysis, at which time they were

brought up to -0.5 mL in methanol:water (75:25,  v:v).  For improved accuracy, the

final volume was measured by drawing the sample into a 1 mL Hamilton syringe.

Propazine was used as a surrogate, where each sample was spiked with 0.1 ug of

propazine and processed through the entire method. A standard curve consisting of 6

levels was used for each analysis set. Constant monitoring of the chromatography was

necessary to adjust the mass spectral events to coincide with the changing retention

times. Due to non-baseline separation of analytes, each sample was injected twice,

using two different MS/MS programs which alternated the analysis of analytes

according to their retention time (i.e. the first method determined a + c + e, etc. and

the second method determined b + d + f, etc).
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Method Validation Results
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